Abstract: By empirically exploring the correlation between logistics complexity-related contextual conditions and supply chain management (SCM) objectives and decision areas/practices, this study aims to investigate whether, and the means by which, supply chain managers of large manufacturing companies adopt a contingency approach in their supply chain decisions. This study involves a comprehensive literature review followed by an analysis of survey data using cluster analysis, factor analysis and binary logistic regression. Statistically significant relationships were found between logistics complexity-related contextual conditions and supply chain objectives and decision areas. Although some prescriptive context-dependent models for supply chain management can be found in the literature, this research tries to fill a gap by empirically demonstrating that large manufacturing companies actually tend to make their supply chain choices contingent upon their logistics complexity-related context.
Introduction
The contingency approach to management basically argues that there is no one best way to manage (Drazin and Van de Ven, 1985) . Central to the contingency approach is the proposition that the structure and process of an organisation must fit its context. This is in contrast with the 'best practice' approach (Voss, 1995) , which is reflected in the proliferation of operations and supply chain management (SCM) practices that have frequently and long been considered by some advocates as having universal applicability -independent of context -such as total quality management (Feigenbaum, 2004) , lean production (Womack et al., 1990; Jones and Womack, 2003) and Six Sigma (Martin, 2007) .
According to Sousa and Voss (2008) , operations management best practices have now matured, and research on practices has begun to shift from the justification of the value of such practices to the understanding of the contextual conditions under which they are effective. Similarly, in SCM, after years of emphasis on developing and demonstrating the value of practices such as continuous replenishment (Liz, 1999; Vergin and Barr, 1999) ; collaborative planning, forecasting, and replenishment (Johnson, 1999) ; efficient consumer response (Mathews, 1997) ; and vendor-managed inventory (VMI) (Kiely, 1998; Waller and Johnson, 1999) , it may also be time for research to shift toward a better understanding of the contextual conditions under which such practices work best.
This paper attempts to contribute to this shift. We analyse the relationships between logistics complexity-related contextual conditions [e.g., size of the company, number of stock keeping units (SKUs) and frequency of product launches] and two aspects of SCM: 1 the perception of how critical supply chain managers consider each different decision area (e.g., logistics and distribution networks, sourcing and VMI) for achieving supply chain excellence 2 the supply chain managers' perception of the criticality of different supply chain objectives (e.g., cost, customer service, time, response and profitability).
The general research objective is to investigate whether and how supply chain executives of large manufacturing companies adopt a contingency (i.e., context-dependent) approach in their SCM decisions, and if logistics-complexity-related contextual conditions are significant contingency factors in their supply chain choices. In other words, this research aims to investigate whether the surveyed supply chain executives define different supply chain objectives and prioritise different decisions and practices depending on the complexity of their own company's logistics conditions. More formal research questions (RQs) are presented in the section following the research literature review discussed below.
Literature review
This section presents a review of the relevant literature about the variables related to the general objective of this research. It starts with a discussion about SCM decision areas, followed by a subsection that covers SCM objectives. The concept of supply chain excellence is then discussed, and the last subsection is dedicated to logistics complexity.
SCM decision areas
The scope of SCM is very broad and encompasses numerous inter-connected activities spread over and across multiple functions and organisations (Kanda and Deshmukh, 2008; Glenn et al., 2010; Jabbour et al., 2011) . Frankel et al. (2008) define SCM as a framework that integrates logistics and distribution networks, production operations, and sourcing activities within and across companies. In the following subsections, the literature on three elements of this definition -namely, integrated logistics and distribution networks, integrated operations, and integrated sourcing -is reviewed with the aim of identifying relevant decision areas in SCM.
Integrated logistics and distribution networks
The distribution network provides the basic physical infrastructure where the supply chain operates (Ballou, 2001) . Network design plays a critical role in the competitiveness of supply chains (Melo et al., 2009) , not only because it is a relevant area of capital investment, but also because it is essential for business to meet market demand while providing appropriate levels of customer service (Dotoli et al., 2005) . Typically, the design of distribution networks addresses issues such as how many warehouses to open, the allocation of demand to plants, and the allocation of retailers to warehouses (Lashine et al., 2006 ).
An integrated distribution network is a set of consecutive operating units (e.g., plants and warehouses) connected by common objectives as well as communication and transportation links (Dotoli et al., 2005) . Visibility is a critical element in the integration of distribution networks (Gaukler et al., 2008) . Even though there are different definitions of the term 'visibility' in the literature (Francis, 2008) , for the purpose of this research, we refer to 'visibility' in relation to the real-time capturing, monitoring, and sharing of relevant pieces of information -such as demands, replenishment orders, forecasts, and in-transit shipments -within and between companies in the supply chain (Bartlett et al., 2007) . Barratt and Oke's (2007) empirical research suggests that supply chain performance improves when member companies have demand, inventory and process visibility. VMI; collaborative forecasting (CF); and collaborative planning, forecasting and replenishment (CPFR) programmes are popular supply chain practices collaboratively adopted by buyers and suppliers to enhance supply chain visibility, to coordinate decision-making, and to improve performance (Helms et al., 2000; Holmstrom et al., 2002; Khadar, 2007; Rodriguez et al., 2008; Jia et al., 2012; Fawcett et al., 2012; Shu et al., 2012) . Companies that have embraced these practices report higher customer service levels, lower cost, lower inventory levels, and improved supply chain control (Claassen et al., 2008) .
Network visibility supported by real-time information sharing can also create opportunities for the use of business intelligence (BI) that can better inform supply chain decision making (Chan, 2006) . BI in SCM is the provision of IT-supported analytic processes that transform internal and external data into relevant information to support different initiatives, activities and decisions within the supply chain scope (Sahay and Ranjan, 2008) . There is evidence that the effective adoption of IT-enabled BI can be an important component of a company supply chain's ability to be more responsive and competitive (Gulledge and Chavusholu, 2008) .
Network visibility can therefore be enhanced via supply chain integration and IT adoption, important tools in managing supply chain demand. They have become even more important because of the growth in supply chain uncertainty over the past decade (Bower, 2007) , which has been caused by several factors: increased competitive pressure, lead time variability with global sourcing, more frequent new product launches, new more stringent governmental regulations, price changes, currency exchange rate instability, and promotional activities. These can potentially amplify the undesirable bullwhip effect in the supply chain (Forrester, 1961) . The bullwhip effect is an observed phenomenon in supply chains, according to which, demand variations in its downstream stages cause an increasing volatility of the perceived demand in its upstream stages. See Lee et al. (1997) for a more detailed discussion. Effective demand management (with increased visibility and reduced uncertainty) is very important when supply chains try to mitigate the bullwhip effect (Lee et al., 1997; Nepal et al., 2012) . Blankley (2008) and Blankley et al. (2008) add that the management of demand uncertainty and inventory optimisation should be conducted simultaneously, whenever possible, at each stage of the supply chain (Collin and Lorenzin, 2006) .
As components of the integrated logistics and distribution networks, transportation (Faber et al., 2002; Galbreth et al., 2008; Tsao and Lu, 2012) and warehousing (Green, 2001; Kadiyala and Kleiner, 2005) are important drivers of supply chain performance, mainly in terms of responsiveness and agility. The recognition of the impact of transportation and warehousing on supply chain agility is not new (Ng et al., 1997) . What is new is the emergence of IT applications that have changed the way these activities operate to leverage supply chain performance (Mason et al., 2003; Stefansson and Lumsden, 2009) . Transportation management systems (TMS) and warehouse management systems (WMS), for instance, are technologies used to manage the physical flow of goods throughout the supply chain. Integrated systems that include TMS, WMS and global inventory visibility can potentially lead to reduced costs and improved customer service by decreasing shipping and receiving cycle times, increasing shipment accuracy, and decreasing lead time variability (Mason et al., 2003) . The integration of distribution and production operations, discussed below, can contribute to that.
Integrated production operations
Historically, many firms have tried to optimise their production and distribution operations separately, but this segmented approach limits potential improvements in the overall supply chain performance (Park, 2005) . It is becoming increasingly important to consider the two operations in conjunction so that synergies are achieved (Erenguc et al., 1999; Quah and Udin, 2011) . By exploring opportunities to redesign physical and information flows that run through manufacturing and distribution operations, such as changing the flows from push to pull, firms can also help mitigate the bullwhip effect (Miemczyk and Howard, 2008; Wanke et al., 2008) .
A change from push flows to pull flows also requires different ways of managing sales and orders (Dekkers, 2006) . Effective order management can help enhance visibility and agility (Affonso et al., 2008; Jabbour et al., 2011) while supporting the achievement of high customer service levels (Kirche et al., 2005) . Not only does effective order management support the integration of departments and processes within the individual companies, but it is also instrumental in the integration of the company and the supply chain. Empirical evidence seems to support a positive correlation between order management performance and customer satisfaction (Bharadwaj and Matsuno, 2006) .
Time and space postponement are also important production operations practices that can help improve supply chain performance (Wanke and Zinn, 2004) , as the successful and highly acclaimed Dell supply chain model for desktop computer production demonstrates (Farhoomand et al., 2000) . Postponement may involve not only the delay of the differentiating final stages of production until a customer order is received (Skipworth and Harrison, 2006) , but also direct distribution to customers, avoiding the more traditional echeloned distribution via warehouses. The reduction of the number of echelons in a supply chain can also help mitigate the bullwhip effect (Forrester, 1961; Sterman, 2000) .
Integrated sourcing
Increasingly dynamic changes in the marketplace have caused a relevant shift in the sourcing function within companies (Lawrence and Varma, 1999; Mehra and Inman, 2004) . The cost-only-based decision-making practices of the past are being replaced by approaches that focus more on the ways in which alternative sourcing choices can add value to the supply chain (Butter and Linse, 2008) . Global sourcing initiatives that are better integrated across the supply chain can create many new opportunities for both cost reduction and value creation (Trent and Monczka, 2005) . Global sourcing has created new opportunities in terms of both cost reduction and value creation (Welborn, 2008) , but one of the challenges for companies that adopt the concept continues to be the development of competencies (in managing global sourcing processes) that are difficult for competitors to imitate (Chung et al., 2004) . One down side of global sourcing is that it may increase supply chain uncertainty (Christopher and Peck, 2004) . Thus, companies are striving to manage risks when developing global supply networks so that they will be able to operate effectively and reliably in any part of the world (Sheffi and Rice, 2005; Swaminathan, 2007) .
Summary of relevant decision areas in SCM
A summary of relevant supply chain decision areas/practices found in the literature review is presented in Table 1 . This list does not intend to be completely exhaustive. There may be decision areas that have relevance for individual industries and are not listed here, but all areas listed here are, according to the literature, relevant for SCM. The identified decision areas are not intended to fully characterise how supply chains are managed in each of the surveyed companies; rather, they are used to identify significant differences between the surveyed companies in terms of their supply chain managers' perceptions of the criticality of each of the decision areas; further, these various perceptions were found to be related to the companies' different various levels of logistics complexity. Also provided in Table 1 are citations of the references in the literature that support the presence of a given decision area in the list. Shu et al. (2012) 2 Network integration and visibility Dotoli et al. (2005) , Bartlett et al. (2007) , Gaukler et al. (2008) and Francis (2008) 3 BI process Chan (2006) , Sahay and Ranjan (2008) , and Gulledge and Chavusholu (2008) 4 VMI Khadar (2007) , Rodriguez et al. (2008) and Shu et al. (2012) 5 CF Helms et al. (2000) , Holmstrom et al. (2002) , Smaros (2007) , Rodriguez et al. (2008) and Fawcett et al. (2012) 6 Demand management Kaipia et al. (2006) , and Collin and Lorenzin (2006) 7 Inventory optimisation Blankley (2008) , Blankley et al. (2008) and Funaki (2012) 8 Production and distribution planning Erenguc et al. (1999) , Park (2005) and Jabbour et al. (2011) 9 Operations management (pull/push flows and postponement) Wanke and Zinn (2004) , Skipworth and Harrison (2006) , Wanke et al. (2008) , Miemczyk and Howard (2008) , Quah and Udin (2011), Engelhardt-Nowitzki (2012) and Nepal et al. (2012) 10 Order management Kirche et al. (2005) , Dekkers (2006) , Affonso et al. (2008) and Jabbour et al. (2011) 11 Sales management Taylor (2006) and Jabbour et al. (2011) 12 Transportation management Ng et al. (1997) , Faber et al. (2002) , Galbreth et al. (2008) , and Tsao and Lu (2012) 13 Warehouse management Green (2001) , and Kadiyala and Kleiner (2005) 14 Purchasing management Lawrence and Varma (1999) , Mehra and Inman (2004) , Butter and Linse (2008) , and Welborn (2008) 15 Global sourcing Chung et al. (2004) , and Christopher and Peck (2004) 
SCM objectives
Within effective supply chains, each company may have its own internal goals, but all members should share common supply chain objectives (Mentzer et al., 2001 ). In the literature, authors are not unanimous in defining lists of relevant objectives for supply chains (Desphande, 2012) . Just as an illustrative example, Nuthall (2003) identifies four key SCM objectives: cost, customer service, time and response, and profitability. Sharma and Bhagwat (2007) present a more comprehensive framework that resembles the popular Balanced Scorecard (Kaplan and Norton, 1996) by grouping supply chain objectives under four different perspectives: finance, customer service, internal business and innovation. Although there is no general agreement in the literature as to what is the best list of supply chain objectives, there seems to be agreement that, when establishing major supply chain objectives, companies should be aware of the nature of their impacts on other members in the chain (Pohlen and Coleman, 2005) .
Customer service objectives
One important supply chain objective that is present in most authors' lists relates to how well customers are served (Sahay et al., 2006; Sebastião and Golicic, 2008) . Performance in this objective can be captured by several measures (Bowersox et al., 1999) , such as on-time delivery indexes, order completeness indexes (Gaudenzi and Borghese, 2006; Sharma and Bhagwat, 2007) , on-time-in-full (OTIF) indexes, and perfect order (OTIF and in perfect condition) indexes (Gunasekaran et al., 2001 (Gunasekaran et al., , 2004 Sharma and Bhagwat, 2007) .
Finance/cost-related objectives
Merely serving the customer well is not enough. Ellram and Liu (2002) argue that if SCM is to be fully integrated into the strategic management of companies, its objectives and measures of performance should also account for shareholder value and for the translation of non-financial performance into financial performance. The cash-to-cash cycle (Gunasekaran et al., 2001; Farris and Hutchison, 2002) and the cash-conversion cycle (Tsai, 2008) are examples of important finance-based measures that bridge across inbound material activities with suppliers, through production operations, to the outbound activities with customers. These measures may be particularly useful as ways to guide companies that are willing to increase inventory turnover and conversion agility as well as reduce costs in supply chains (Pohlen and Coleman, 2005; Sharma and Bhagwat, 2007; Zhang and Huang, 2012) .
There are other important objectives related to the efficient use of assets and to costs. The use of third-party logistics (3PL) providers, for example, can play an important role in achieving higher levels of asset productivity and cost reductions in the supply chain . Although the recognition of the potential positive impact of the use of 3PL on asset utilisation and cost reduction is not new, the importance of such impact is becoming increasingly evident (Boyson et al., 1999) . This happens in part because 3PLs are continually segmenting the services they provide in order to achieve excellence via specialisation, to benefit from higher economies of scale across different companies and even industries and, perhaps more importantly, to provide a better fit with relevant supply chain characteristics, such as the manufacturing process type and the logistics sophistication of the shippers, as demonstrated by Wanke et al. (2007) .
Reactivity/agility-related objectives
Another supply chain objective that is considered increasingly important in the literature is the ability of the chain to adapt to changes in demand, also known as 'reactivity' (Gaudenzi and Borghese, 2006) or 'agility' (Lee, 2004) . Here, the argument is that supply chains should not only serve customers well and efficiently but that they should also be flexible, agile, and lean in order to cope with a rapidly changing environment (Chopra and Meindl, 2004; Tang and Tomlin, 2008; Soon and Udin, 2011) . However, the ability to build flexible, agile, and lean supply chains has not developed as rapidly as anticipated, not only because the development of IT to fully support these concepts is still under way, but also due to the lack of well-defined measures to assess performance (Jain et al., 2008) . Thus, for the purposes of this research, and to avoid the use of vague definitions during data collection, the objective of achieving reactivity/agility is broken into some of its constituent tasks: synchronising supply chain via enhanced visibility, shortening lead times, and changing the business model from push to pull. Next, the connection between supply chain reactivity/agility and its constituent elements is further explored.
Effective IT adoption, collaboration and process redesign, resulting in enhanced supply chain visibility and synchronisation, seem to be important enablers of the ability to effectively react to demand changes and uncertainty (Croom, 2001; Kok et al., 2005; Swafford et al., 2008; Wang et al., 2008) . One key aspect regarding flexibility, agility, and leanness is how supply chains achieve the benefits from visibility in terms of coping with demand uncertainty and achieving shortened lead times (Fawcett et al., 2007) . For instance, visibility may enable companies to design and operate logistics networks so as to provide rapid response to markets (Gunasekaran et al., 2001; Baker, 2008) . Visibility can also allow multi-echelon inventory synchronisation to control demand uncertainty (Kok et al., 2005) . Walmart and its 'retail link' is a frequently cited example of the effective use of IT-enabled supply chain visibility helping synchronise inventory management and replenishment policies between the retailer and the suppliers (Colla and Dupuis, 2002) .
Visibility can also favour pull-type supply chains with smaller inventory levels and higher inventory turnovers (Wang et al., 2008; Engelhardt-Nowitzki, 2012) . The AutoGiro system, implemented by General Motors Brazil in 2000 to manage their spare parts supply chain, is based on increased visibility and integration across the chain and on transforming a traditional push system into a pull system. This helped the company to drastically increase annual inventory turns by a factor of three (Corrêa and Nogueira, 2008) .
Summary of relevant objectives in SCM
Many of the supply chain objectives (e.g., service and cost-related) are similar to traditional logistics objectives (Liang, 2012) . This should be no surprise, not only because logistics and SCM share common origins, but also because logistics is a key SCM process (Lambert et al., 1998) . A summary of the variables identified in the literature related to SCM objectives is presented in Table 2 . Citations of references in the literature that support the presence of the variables in the list are also provided. (2012) 2 Reduce cash cycle Gunasekaran et al. (2001) , Farris and Hutchison (2002) , and Tsai (2008) 3 Benefit from relationships with 3PLs Boyson et al. (1999) and Wanke et al. (2007) 4 Reduce logistics costs Pohlen and Coleman (2005) , Sharma and Bhagwat (2007) , Desphande (2012) and Liang (2012) 5 Increase asset productivity Boyson et al. (1999) , Liu et al. (2008) , and Zhang and Huang (2012) 6 Improve order completeness performance Gaudenzi and Borghese (2006) , Sharma and Bhagwat (2007) , Quah and Udin (2011) , Adenso-Diaz et al. (2012) and Liang (2012) 7 Improve perfect order performance (2012) 10 Shorten lead times Gunasekaran et al. (2001) and Baker (2008) 11 Change business model from push to pull Wang et al. (2008) , and Corrêa and Nogueira (2008) 
Supply chain excellence
Supply chain excellence is the capability of a firm to excel in all dimensions of SCM that are important to the customer (Kuei et al., 2005) . Nuthall (2003) suggests that the pursuit of supply chain excellence has a positive impact on the firm's performance, thus contributing to the achievement of supply chain objectives in four major areas: cost, customer service, time and response, and profitability. According to Ogulin (2003a Ogulin ( , 2003b , supply chain excellence is built upon network integration, collaboration between the company and its customers and suppliers, and virtual integration via IT adoption. Anderson et al. (1997) suggest seven principles to follow if supply chain excellence is to be achieved. These principles, many of which are discussed in previous sections of this paper, are as follows: 1 segmentation of the customers based on service needs 2 customisation of logistics networks to service requirements 3 use of market signals to improve demand planning 4 assembly of the final product as close to the final marketplace as possible 5 strategic management of sources of supply to reduce the total cost of purchasing 6 development of a supply-chain-wide technology strategy 7 adoption of performance measures to align incentives and gauge collective success. Lin and Tseng (2006) also consider that participation strategies and IT adoption are important drivers of supply chain excellence. The authors demonstrated that the firm's involvement with clients and suppliers during different stages of the planning process, the integration between the production function and other business areas (e.g., logistics and sourcing), and the intensive use of IT may all lead to greater customer satisfaction while simultaneously improving organisational performance.
Contingency approach to SCM
The contingency approach to management is based on the idea that, to be effective, the planning, organising and controlling must be tailored to the context and particular circumstances faced by an organisation (Wren, 1994) . According to this notion, there would be no 'one best way' to manage. This is in contrast with some advocates of the 'best practice' approach, which would be more universally applicable regardless of context.
The contingency approach applied to SCM would assume that there is no universal way to achieve excellence because contextual factors and situations vary, and they change over time. The frequency with which firms have changed their SCM decisions and practices as well as refocused their objectives indicates that finding or maintaining the best strategy is difficult in today's rapidly changing business environment. According to Chow et al. (1995) , the weaknesses of the 'one best way' approach to supply chain excellence indicate that alternatives, such as applying contingency theory to SCM, could prove to be more useful foci for research. Bowersox et al. (1999) and Bowersox and LaHowchic (2008) seem to concur.
Still, the literature is scarce that discusses the contingency approach related to SCM. Cigolini et al. (2004) propose an interesting prescriptive framework to support the definition of the choice of supply chain tools and techniques to be used. In their work, SCM is considered to be contingent upon three variables: which phase is dominant within the end products' life cycle, the structural complexity of the product itself, and the type of supply chain (i.e., quick, efficient or lean); however, they do not empirically validate their prescriptions.
One important and highly visible contribution to the contingency approach to SCM comes from Fisher (1997) . This model is also prescriptive in nature. It has been often cited and has appeared in a number of popular textbooks on SCM, such as Simchi-Levy et al. (2003) and Wisner et al. (2008) . Its approach is strong and, to a certain extent, intuitive. Fisher argues that the supply chain design and management should be contingent upon the type of product being made and delivered. According to this notion, products can be categorised as 'functional' or 'innovative'. Functional products are staples, commoditised products that usually satisfy basic needs; do not change much over time; have lower profit margins, longer life cycles, and, more importantly, low forecast uncertainty. Canned soup or washing powder are examples. Innovative products are the opposite: they have frequent product launches and changes, higher profit margins, shorter life cycles, and usually less predictable demand. Here, fashion and electronics products (e.g., cell phones) provide good examples.
According to Fisher (1997) , each category of product -functional or innovativeshould require a distinctly different supply chain. Functional products would require more physically efficient supply chains where asset utilisation and cost control (e.g., keeping low inventories by using pull systems and seeking economies of scale in all activities) would play a crucial role. Innovative products, however, would require more market-responsive supply chains, where, for example, excess buffer stocks of parts and finished products are normally needed and aggressive initiatives to reduce lead times should be pursued (even at the expense of cost efficiencies).
Managers have always sought the best way to deal with the broad scope of SCM decisions and have focused on how different supply chain objectives should be prioritised. Pfohl and Zollner (1997) indicate that the answer to these questions requires an extensive analysis of important logistical contingency factors and their relationships to SCM choices. Under a contingency perspective, the right thing to do depends on contextual factors. Next, the concept of logistics complexity as a contingency factor in SCM is explored.
Logistics complexity
The application of contingency theory to SCM would require the identification of the way in which context-related factors might be related to supply chain performance. In this sense, according to Chow et al. (1995) , environmental heterogeneity is a relevant contingency factor that can be defined as the degree of complexity in a firm's logistical environment (e.g., number of markets, suppliers, products and clients). Although the complexity of logistics systems is mentioned by some authors (Bowersox and Closs, 1996; Christopher, 1998; Lambert et al., 1998) , and despite the fact that the issue of complexity has been variously studied in operations management and SCM research (Wilding, 1998; Vachon and Klassen, 2002; Hoole, 2005; Bozarth et al., 2009) , literature focusing specifically on logistics complexity is relatively scarce (Nilsson, 2006) .
In some studies, operational complexity and size appear to be somewhat related. Masters et al. (1992) analysed the pattern of adoption of distribution resource planning (DRP) systems within 54 North American companies, and found that the decision to adopt DRP "is related to the size [of the firm] and complexity of the distribution systems", and that "increases in either characteristic increased the likelihood of adoption". Anderson and Katz (1998) , when studying strategic sourcing, noted an inseparable trend -namely, that the purchasing function "has been increasing in importance, size (total amount spent), and [therefore] complexity". Germain and Droge (1995) analysed the leading factors to just-in-time (JIT) adoption in North American companies. The authors found that "JIT correlated positively with size [of the firm]" and that "the extent of JIT is associated positively with environmental uncertainty, which may be a reflex of production complexity and number of SKUs [stock keeping units]". According to the authors, "proliferation in SKUs may mean a greater number of markets, new competitors, and energized existing customers, all of which may lead to perceptions of uncertainty in a [large] organization's environment". Pfohl and Zollner (1997) also recognise the relationship between the size of the firm and logistics complexity. They argue that while the number of production plants, warehouses, and the dependencies between them indicate the size of the organisation, it can be assumed that, as these variables increase, the underlying environmental relations also increase in complexity and dynamics, in terms of the logistical tasks to be accomplished in supply, production and distribution. Still, according to the authors, "the criteria of complexity cover the structural dimensions, number, and variety of the environmental relations which are relevant to logistics". The number of employees, a variable frequently used to represent the size of the organisation, affects structure and, therefore, logistics complexity (Pfohl and Zollner, 1997) .
Complexity seems to be also related to the quantity, level and type of interactions present in a given system. According to Milgate (2001) , complexity can be viewed as a deterministic component related to the number and variety of interacting elements in a system. Adenso-Diaz et al. (2011), for example, found a strong negative relationship between the number of the nodes in the logistics network and its reliability.
It is assumed, for the purpose of this research, that the level of complexity in logistics of a company can be gauged (in terms of quantifiable scales) by measures of size (Masters et al., 1992; Germain and Droge, 1995; Pfohl and Zollner, 1997) , gross revenue, number of suppliers (Chow et al., 1995; Masson et al., 2007) , number of active clients (Chow et al., 1995; Masson et al., 2007) , number of employees (Pfohl and Zollner, 1997) , number of employees involved in SCM, number of active SKUs (Chow et al., 1995; Lowson, 2007) , number of distribution centres (Rao and Young, 1994; Pfohl and Zollner, 1997; Hoffer and Knemeyer, 2009 ), number of orders processed (Rao and Young, 1994; Hoffer and Knemeyer, 2009) , and number of product launches per year (Rao and Young, 1994; Hoffer and Knemeyer, 2009) .
We use the measures of logistics complexity to explore the possibility that companies' level of logistics complexity may be an important contingency factor in SCM decisions. This would mean that supply chain managers may consider different objectives and different decision areas as critical when their companies face different levels of logistics complexity. The formal definition of our RQs follows.
Research questions
The basic proposition of this research is that companies adopt a contingency approach to manage their supply chains. In order to investigate this proposition, we analyse the way in which the surveyed companies' supply chain managers deal with two areas of their SCM: objectives and decision areas. After characterising the way in which managers perceive different supply chain objectives and decision areas as critical, the logistics complexity of the companies surveyed is evaluated and an attempt is made to find correlations between the level of logistics complexity and the levels of criticality perceived by managers in terms of objectives and decision areas. Two major RQs are used to focus the research activities:
RQ1 Is there a significant relationship between logistics complexity and the level of criticality, as perceived by managers, of different decision areas/practices needed to achieving supply chain excellence?
RQ2 Is there a significant relationship between logistics complexity and the criticality, as perceived by managers, of different supply chain objectives? 
Methodology
An empirical study based on data collected via survey was done to try to answer the proposed questions. Respondents to the questionnaire consisted of high-ranked managers (directors, vice presidents and senior managers) involved with several aspects of the SCM process in large Brazilian manufacturing companies. The survey was conducted in the last quarter of 2008. The survey population consisted of manufacturing companies included in 'Exame 500', a Brazilian annual business magazine listing similar to Fortune 500. All companies were contacted by telephone to verify whether they were willing to participate in the research (and in this case, to obtain the name of the highest-ranked manager involved in supply chain decision-making, to whom the survey instrument would be sent).
Questionnaire items were developed based on literature review and on results from in-depth interviews conducted with the supply chain executives of four large Brazilian manufacturing companies, and focused on several aspects of SCM and logistics complexity. The main objective of this phase was to ensure that the questions included all relevant aspects of the research. The questionnaire was then pre-tested in order to validate both structure and content. More specifically, a number of academics (professors) and practitioners (managers) with knowledge of logistics and SCM helped during this phase to finalise the questionnaire and avoid redundancies. As a result, minor modifications were introduced. A pilot mailing was conducted with four companies to ensure that the research instrument would be well understood by target respondents and to guarantee construct validity. Based on observations from this pilot sample, a few questions were removed.
The majority of the previously contacted respondents showed a preference for answering a written questionnaire as opposed to a personal interview, which would have been the preference of the researchers. We then decided to use the written questionnaire option, instead of having mixed written and oral interviews, to ensure consistency among responses. The electronic questionnaire, designed over an Excel spreadsheet so that post-survey data tabulation would be made easier, was then sent out by e-mail to a mailing list of 273 manufacturing companies that had agreed to participate in the research. The final sample considered in this study consisted of the 108 companies that returned usable questionnaires (a response rate of 39.6% of the sent questionnaires, representing 21.6% of the companies in the Exame 500 listing). All survey items were completed, with the exception of five questionnaires that lacked information about gross revenue. This piece of information, however, was then completed based on data provided by the Exame 500 listing. The inexistence of nonresponse bias was verified by cross-tabulation of the frequency distributions of the responses related to economic sector between the sample and the population. Three tests were performed to measure the ordinal association between variables -Goodman and Kruskal's Gamma, Kendall's Tau-B, and Kendall's Tau-C (Rodrigues et al., 2004) . No significant differences between sample and population distributions were determined at p < 0.05.
We use the concept of supply chain excellence (discussed in the literature review section) in our research instrument to avoid bias and to ensure validity. We wanted the respondents to express their views on which supply chain decision areas they considered critical to achieving supply chain excellence, i.e., high overall supply chain performance in the cases of their individual companies. If, instead, we had used concepts such as supply chain responsiveness, supply chain efficiency, supply chain customer service, or any other more specific supply chain objective, then we might be inducing the respondents to answer what they would consider critical if, for instance, their supply chain objectives were related to the more specific objectives.
The means and standard deviations of the responses regarding the operational variables in the questionnaire are presented in Table 3 . 
Development and discussion

Logistics complexity cluster analysis
An exploratory cluster analysis was performed (with the use of the SPSS 15.0 package) using k-means to split the 108 sample companies into two different groups -companies with high logistics complexity and companies with low logistics complexity. Because of the exploratory nature of this research, only two groups were selected. The variables considered during the cluster analysis were the company's gross revenue, number of employees, number of employees involved in SCM activities, number of suppliers, number of active clients, number of active SKUs, number of product launchings per year, number of distribution centres, and number of orders per day. Table 4 presents the final cluster centres and the F tests for the differences between clusters. The F tests should be considered only for descriptive purposes, as clusters have been chosen so as to maximise the differences among cases in each cluster. These statistics indicate, however, how well these two groups are distinguished by each variable of logistics complexity. According to Table 4 results, companies located in Cluster 1 not only present greater revenue, but also a greater number of employees, suppliers, SKUs, product launchings, distribution centres, and orders received -thereby characterising the companies as having high logistics complexity. On the other hand, the reverse is true for Cluster 2, where companies present lower logistics complexity. The means of each of the researched variables are presented for each cluster in Table 5 . The next step is to analyse whether the managers of the two clusters differ in their perception of the criticality of each aspect of SCM objectives and decision areas. The extent to which these differences are statistically significant is addressed by the multivariate analysis detailed next. The first value in brackets represents the load factor. The second value in brackets represents the factor coefficient for the standardised variables.
Supply chain decision areas factor analysis
An extraction of factors from the 15 variables related to SCM decision areas/practices was conducted using exploratory factor analysis with Varimax standardised rotation for data of the 108 companies. Results are presented in Table 6 . Only factor loads greater than 0.50 and eigenvalues greater than 1.0 deserve to be interpreted, and in these cases, the variable is said to represent a good factor measure (Tabachnik and Fidell, 2001) . We found five main factors that represent SCM decision areas, interpreted as follows:
1 the scope defined by network design, network integration and visibility, BI, VMI, and CF makes up Factor 1, interpreted as 'network intelligence and integration management' 2 the scope defined by demand planning, inventory optimisation, production and distribution planning, and operations management accounts for Factor 2, interpreted as 'market mediation management' 3 the scope defined by order management and sales management structures Factor 3, simply interpreted as 'customer service management' 4 the scope defined by transportation management and warehousing management makes up Factor 4, simply interpreted as 'physical logistics efficiency management' 5 similarly, the scope defined by global sourcing and purchasing management makes up Factor 5, interpreted as 'sourcing management'.
Supply chain decision areas and logistics complexity
The standardised scores of the five factors identified were used to discriminate between the two clusters previously determined for logistics complexity. A binary logistic regression analysis was performed (with the use of SPSS 15.0) to assess the accuracy of the prediction of membership in one of two clusters (high logistics complexity and low logistics complexity), on the basis of the five factors determined for the 108 companies in the sample. There was a good model fit (i.e., discrimination between companies with high/low logistics complexity) and the comparison of log-likelihood ratios for models with and without these five factors showed reliable improvement with their addition as predictors: Chi-square (5, N = 108) = 11.227, p < 0.05. Table 7 presents the results of the binary logistic regression. The positive signs of the predictor variables indicate that the greater the factor, the more complex the company's logistics tends to be. The p-values of 0.10 were considered as the cut-off point for significance in this research. Results show that two out of the five factors are significant -market mediation management and sourcing management. The factor of market mediation management has a positive sign. This means that the supply SCM decision areas represented by this factor are more likely to be found in companies with logistics of a higher complexity, that is, with larger numbers of distribution centres, SKUs, clients, suppliers, etc. More precisely, the higher this factor, the more likely it is that the company will belong to the cluster of high logistics complexity.
On the other hand, the factor of sourcing management has a negative sign, that is, the company's manager will be more likely to consider decision areas represented by this factor as critical if its logistics complexity is low.
Finally, the factors of network intelligence and integration management, customer service management, and physical logistics efficiency management were found not to vary significantly between both clusters, indicating that they may constitute decision areas/practices that are commonly considered critical by supply chain managers regardless of the level of logistics complexity.
The results suggest that not all decision areas/practices are contingent upon complexity, but some are. 
Supply chain objectives factor analysis
With respect to the objectives of SCM, an extraction of factors from its 11 related variables was also conducted using exploratory factor analysis with Varimax standardised rotation, and the results are presented in Table 8 . Four main factors were found to represent the objectives of SCM. They are interpreted as follows:
1 the objectives of increasing inventory turnover and reducing cash cycle comprise Factor 1, which is interpreted as 'improve cash efficiency' 2 the objectives of building relationships with 3PLs, reducing logistics costs, and increasing asset productivity account for Factor 2, which is simply interpreted as 'improve physical logistics efficiency' 3 the objectives of improving order completeness performance, improving perfect order performance, and improving on-time delivery performance structure Factor 3, which is interpreted as 'improve service reliability' 4 and last, the objectives of synchronising supply chain, shortening lead-times, and changing the business model from push to pull comprise Factor 4, which is interpreted as 'improve service responsiveness'.
Supply chain objectives and logistics complexity
A binary logistics regression analysis was also performed to assess the accuracy of the prediction of membership in one of the two clusters (high logistics complexity and low logistics complexity), on the basis of the four factors determined for each of the 108 companies in the sample. There was also a good model fit, and the comparison of log-likelihood ratios for models with and without these factors showed reliable improvement: Chi-square (4, N = 108) = 9.389, p = 0.05. Table 9 presents the results of the binary logistic regression: coefficients, Wald statistics, and significance levels. The positive signs of the predictor variables indicate that the greater the factor, the more complex the company's logistics tends to be. The factors 'improve cash efficiency' and 'improve physical logistics efficiency' constitute common objectives adopted by companies located in both clusters, since they do not present significant differences between companies with high and low logistics complexity. This may mean that 'improve cash efficiency', for instance, can actually be a more universally adopted objective. This certainly deserves more research, as objectives that are not context-dependent would be very important to identify; however, the positive sign of the factor 'improve service responsiveness' indicates that the objectives represented by this factor are considered more critical by managers of companies with higher logistics complexity. On the other hand, managers of companies with lower logistics complexity consider objectives related to improving service reliability as more critical. 
Conclusions and implications
In terms of theoretical implications, this study contributes to existing contingency research in operations management by unveiling the existence of significant relationships between the level of logistic complexity and SCM decision areas and objectives. Sousa and Voss suggest that "contingency research is important both for the development of the operations management field and for practitioners. From a scientific perspective, operations management should provide theories that are useful across a spectrum of contexts" [Sousa and Voss, (2008) , p.711]. Sousa and Voss also suggest that research in operations management practices should start to shift from the justification of the value of such practices to the understanding of the contextual conditions under which they are effective. In line with this notion, our research found empirical evidence to support a contingency approach for SCM, which is currently one of the most visible and rapidly developing areas of operations management. The more it becomes clear that different contexts require different approaches as to decision areas and objectives to pursue, the more research can be directed towards providing theories that are better suited to each context.
Our analysis indicates that a company's level of logistics complexity is a driver of (at least some) choices in supply chain decision areas and objectives, confirming our initial proposition that managers actually tend to adopt and prefer choices that are context-related; market mediation decision areas (e.g., demand planning, inventory optimisation, production planning, and operations management) are considered more critical to achieving supply chain excellence by managers of manufacturing companies with higher levels of logistics complexity, whereas sourcing management decision areas (e.g., purchasing and global sourcing) are considered more critical for companies with lower levels of logistics complexity. So, companies with more numerous and varied interacting logistics elements consider decision areas related to matching supply and demand as more critical, whereas companies with simpler logistics tend to consider sourcing as more critical. This may be because, with simpler logistics, matching supply and demand is also simpler and more easily achievable (not a differentiating factor); therefore, the best opportunities for improving supply chain performance lay outside, in the supply side. This would lead executives of companies with lower logistics complexity to place greater emphasis on the decision areas that are related to gaining efficiencies via sourcing initiatives.
If our results can be generalised, that would mean that companies with more complex logistics would benefit most by pursuing practices that emphasise the matching between supply and demand (e.g., pursuing excellence in inventory, demand and manufacturing operations visibility, and planning and coordination) and companies with less complex logistics should pursue practices that emphasise more sourcing (e.g., pursuing excellence in global strategic sourcing, offshoring and purchasing decisions). According to our results, decision areas related to customer service, physical logistics efficiency and network intelligence and integration management did not appear to be contingent upon logistics complexity. We did not expect that customer service would be contingent upon logistics complexity since the emphasis on customer service seems to be ubiquitous among managers nowadays, given the intense and increased competitive pressure their companies face. We would not expect that physical logistics efficiency (transportation and warehousing) would be highly contingent upon logistics complexity either because of the tremendous pressure that executives have been under to reduce costs and improve efficiencies. We would, however, expect that network intelligence and integration management would be contingent upon complexity. We expected that the more complex the logistics of a company, the more their managers would consider network intelligence and integration as critical decision areas/practices because its constituents (VMI, BI, CPFR, CF) are related to integration between supply chain members. However, our data did not show that. The reason could be that these practices have been very visible and largely acclaimed (although apparently not as largely implemented) in the Brazilian professional and business media. Perhaps the executives mentioned them as critical regardless of the level of logistics complexity of their companies because they have recently been told that these practices are state-of-the-art and universally applicable. Another possibility is that these practices are actually critical and applicable regardless of context. Further research would be in order here.
As per the analysis of correlations between the level of logistics complexity and supply chain objectives considered by managers as critical, we found no significant correlation between logistics efficiency and the factors 'improve cash efficiency' and 'improve physical logistics efficiency'. This came as no surprise because of the previously mentioned high pressure that supply chain executives in Brazil have been under to reduce costs. Both factors are directly related to improving efficienciesfinance-related (reduce cash cycle, increase inventory turnover) and operations-related (build relationships with 3PLs, reduce logistics costs, increase asset productivity). We found that the factors 'service reliability' and 'service responsiveness' were contingent upon the level of logistics complexity of the companies. Service reliability-related objectives were considered more critical by managers of companies with lower levels of logistics complexity, whereas service responsiveness-related objectives were considered more critical by managers of companies with higher logistics complexity. We would hypothesise that, as more complex logistics mean, among other things, more SKUs and more frequent product launches, products of these companies would likely have shorter product life cycles and possibly lower levels of demand predictability [characteristics more akin to innovative products according to Fisher (1997) ]. If this is the case, the consideration of demand responsiveness as more critical would make sense and be consistent with Fisher's (1997) contingency model that prescribes responsive supply chains for innovative products, discussed in the literature review section. Managers seem to agree with Fisher's model in terms of what objective (i.e., responsiveness) would be more critical for innovative products; however, we did not find significant evidence in our research that managers of companies with more complex logistics follow Fisher's prescription in terms of creating a responsive supply chain via a consistent pattern of decisions that would support what Fisher considers as a responsive supply chain. We believe that deserves further research to investigate, for instance, whether Fisher's supply chain contingency factors, related to types of products and markets served, are correlated with our contingency factors, which are related to logistics complexity.
Another issue deserving further research is the fact that we found a significant correlation between companies with lower logistics complexity and the objective of service reliability. Here, one hypothesis would be that companies with lower levels of logistics complexity may be dealing with less product launches, less SKUs, and possibly more demand predictability. If this is the case, then service responsiveness may possibly become less critical and reliability more critical. For instance, for a company producing motor oil with a predictable demand and low level of logistics complexity, the ability to be responsive would be less critical because market frequent/drastic changes are not the rule. In these markets, it is usual that companies work with scheduled deliveries. Responsiveness would not be critical in this situation, but delivery reliability would.
We tested logistics complexity as a contingency factor and found evidence supporting our proposition that managers tend to adopt a contingency approach to SCM -they tend to consider different decision areas/practices and objectives as critical according to the levels of logistics complexity that their companies face. In our research, we left unanswered questions that would be interesting subjects for further research. For instance, we identified decision areas considered by the executives surveyed as having different levels of criticality according to the logistics complexity of the company, but what is the best order of implementation for the initiatives related to these areas in each of the different levels of logistics complexity? Do the decision areas/practices build upon each other or are they independent of each other?
We could not find perfect correlations between decisions, objectives, and logistics complexity in our research. This indicates that SCM involves other relevant contingency factors that intervene. Further research is needed to help supply chain managers better understand what other contextual variables they should consider in order to better define which decision areas to focus on and which objectives to pursue. SCM is a complex area, and managers certainly could use contingency models that help them focus on what actually matters in relation to their individual contexts and conditions. Some further RQs would be as follows: Do contingency approaches vary by industry? Do they vary by degree of vertical integration? Are there specific decision areas that are not contingent upon context and should be universally pursued by managers? Which decision areas are they? By answering these questions, supply chain researchers will provide supply chain managers with valuable support for their complex decision-making processes.
In terms of more direct and practical implications, the fact that supply chain managers of the large manufacturing companies surveyed tend to adopt a contingency (i.e., context-dependent) approach for their SCM -where the logistics complexity level is an important contingency factor -should call the attention of supply chain managers in general to the fact that SCM decision making should take into account the logistics complexity-related context rather than rely solely on best practice principles that are frequently advertised as being universally applicable regardless of context.
As per the limitations of our findings, we did not investigate the actual supply chain decision-making process of the surveyed companies but only the perceptions of their managers regarding the criticality of supply chain objectives and decisions. Thus, there may be dissonance between that which the managers consider critical and their actual decision-making processes.
Furthermore, since our sample consists of manufacturing companies only, we would not assume that our results would hold true for service companies, given the substantial differences between the contexts and conditions in which they (i.e., manufacturing and service companies) operate. More research would be needed here if we were to try to generalise our results in that way. Another limitation is that our sample contains only companies operating in Brazil. We would, however, hypothesise that our findings should also hold true for large manufacturing companies not based in Brazil, but this also merits further research.
